scales. In a commonly used scale [5] with equal probability 1/2. Assume the mean hydrophobicity is absorbed in µ. A TM segment of size L starting at site k has insertion energy The insertion free energy was computed using the hydrophobicity scale of Ref. [9] for the membrane protein bacteriorhodopsin (bR as the number of segments P is equal to or less than P w , while for P larger than P w , jammingtype phenomena cause sequential assembly to produce non-unique segment placements.
Only the structures produced by sequential assembly with P = P w reduce, at room temperature, to a minimum free energy state.
In the presence of point mutations, the stabilizing anomalous energy gap shrinks as the number of random point mutations increases until a threshold is reached marked by growth of number fluctuations.
The contrast between the wildtype and random sequences in terms of thermodynamics and assembly kinetics is rather similar to that between the glassy "molten globule" state of collapsed generic polypeptide sequences in bulk solutions and the "designed" folded state of globular proteins at the lowest point of the folding "funnel" [11] . This folded state is usually free of large-scale, destabilizing thermal fluctuations, and is accessible from the unfolded state by rapid assembly kinetics.
This suggests that IMPs and globular proteins can be described by a common general phenomenology.
Methods
The 
with δ (j) the hydrophobicity of residue j, for which we use the scale of Reference [9] . to the start site of the next TM segment with no free energy penalty. Specifically, for a rod of species α starting at site j followed by another rod (of any species) starting at site k > j , the interaction potential is
It should be noted that the aim of this model is 
The term ! " F (k) represents the "forward" 
defined as the probability that a residue k is part of a TM segment of any allowed size. A plot of ! (k) † In the grand canonical ensemble, it corresponds to the second derivative of the thermodynamic potential with respect to the chemical potential.
shows the most probable locations of the TM segments.
Mathematically, the problem of computing TM placement probabilities has now been reduced to the computation of the grand canonical partition function ! and the site-specific "one-sided" partition functions
multi-species liquid of variable-sized hard rods subject to an external potential. In the transfer matrix method, one first breaks up
between a segment of size L ! starting at k and a neighboring segment starting at site j with 
which is reconstructed starting from ! " B (N ) = 1 . Using these recursion relations it is possible to numerically reconstruct ! µ ( ) under conditions of thermodynamic equilibrium for any given amino acid sequence. The transfer matrix method is closely related to hidden Markov models [7] while for the case that all segments have the same size, it reduces to the analytically soluble Percus model [12] of hard rods in an external potential.
Results

Ground State Stability and Thermal
Fluctuations. Figure 1 shows the bR groundstate structure, computed for the case that thermal fluctuations were "turned off" with the one reported by structural studies [13] shown as row A. The exception is the seventh, step which has "survived" as a section with a slope that is practically zero at the center. Thermal number fluctuations can be neglected only in this µ interval. The P = 7 structure happens to correspond to the wildtype structure of bR. We repeated the calculation for random In order to interpret occupancy profiles of this form, it is useful to overlay them on the hydropathy plot, as is done in Figure 6 for the same random bR sequence used in Figure 5 To check whether these results were specific for bR, we repeated the analysis for five 7-TM segment proteins and five 12-TM segment proteins (Table 1, Figure 3A shows the mean segment number ! SA (µ) obtained by sequential adsorption for the bR sequence as a dashed line. Sequential adsorption exactly reproduces ! TM (µ) up to and including P = 7 but then sequential adsorption halts while ! TM (µ) continues to increase. This "jamming" phenomenon is a familiar feature of studies of sequential adsorption in other systems [14] . The case of Recall that we found that the room temperature susceptibility χ for number fluctuations was negligible for P = P w at the center of the wildtype stability interval, so number fluctuations were not required for 
